Objectives: Acanthosis nigricans refers to the velvety, black hyperpigmentation seen in the flexures. It is a cutaneous marker for insulin resistance (IR), some metabolic disorders and rarely malignancy. When secondary to IR, it is asymptomatic, except for the hyperpigmentation. The neck is the most accessible and easiest to grade. Our aim was to identify the predictive value of the grades of acanthosis nigricans in identifying IR, the predictive value of the textures of acanthosis nigricans in identifying IR, and the diagnostic utility of acanthosis nigricans grading in comparison to the laboratory tests.
Introduction
The skin functions as an endocrine organ, producing various hormones and possessing specific hormone receptors. Many endocrine disorders manifest themselves as skin afflictions. Insulin resistance (IR) is a continuously high level of plasma insulin in response to a glucose challenge due to resistance to insulin at cellular level. 1 It is a precursor to obesity, vascular disorders, infertility, growth abnormalities, cardiac complications and type 2 diabetes mellitus.
2 Acanthosis nigricans is a well established cutaneous marker for IR. It was added to the list of markers for the risk of diabetes in 2000 by the American Diabetes Association. 3 In one study, patients without acanthosis nigricans never had IR. 4 Acanthosis nigricans can be classified as benign, pseudo associated with obesity, syndromic, malignant, acral, unilateral, drug induced and mixed. 5 The back of the neck and axilla are most commonly involved in IR. Clinically, the neck is the most easily accessible area for examination. Skin colour may influence the presence of acanthosis nigricans. People with the type IV Fitzpatrick phototype, common in south India, have a high frequency of acanthosis nigricans on the neck. 6 Insulin and insulin-like growth factor 1 and their receptors on keratinocytes are involved in the complex regulations leading to peculiar epidermal hyperplasia. Stuart proposed a correlation between acanthosis nigricans and IR.
The Indian scenario
India is the "diabetes capital of the world". The number of people with diabetes is expected to rise to 69.9 million by 2025. 8 Subjects with a high socio-economic status with a positive family history of diabetes have a five times greater prevalence of glucose intolerance than those with a low socio-economic status. 9 The prevalence of impaired glucose tolerance is approximately 8.7% in urban areas and 7.9% in rural areas, of which 35% proceed to type 2 diabetes. 10 Most patients with diabetes already experience vascular complications at the time of diagnosis. Hence, early diagnosis of IR is crucial in preventing morbidity.
This study was undertaken to correlate the presence of acanthosis nigricans with IR, and identify if acanthosis nigricans grading and textures are sound diagnostic tools in this regard in population-based screenings in resource-limited settings.
Method
A case-control study was conducted as part of the cross-sectional survey, SanMetLife, at Sri Ramachandra University, Chennai, Tamil Nadu, India. The protocol was approved by the Indian Council of Medical Research and Institutional Ethics Committee. Recruitment occurred between July 2008 and January 2012. Informed consent was obtained prior to enrolment. Three hundred consecutively presenting subjects with acanthosis nigricans on the neck, aged 18-55 years, attending the dermatology outpatient department, were included. Pregnant and nursing women were excluded. Thirty obese subjects with a body mass index (BMI) > 30, who were age and gender matched, without acanthosis nigricans, were included as controls from the dermatology outpatient department, in whom there was no IR on investigation.
A detailed history was taken and a systemic examination conducted. Vital statistics, height, weight, BMI and waist to hip ratio were recorded. BMI (kg/m 2 ) was documented. Knuckles, elbows and knees, palms, soles and the oral cavity were also examined for acanthosis nigricans.
Enrolled participants underwent the following tests at Sri Ramachandra University's central diagnostic laboratory after an overnight fast. An oral glucose tolerance test (OGTT) was performed using the hexokinase method and included blood sugar levels at fasting and at two hours after a 75 g glucose load.
Fasting serum insulin levels were calculated using AxSYM ® Auto Analyser (Abbott Laboratories, North Chicago, USA). Lipid profiles were assessed using the enzymatic method.
Diagnostic criteria
BMI was classified as per the World Health Organization criteria (Table I) .
11 Fasting blood sugar (FBS) < 6.99 mmol/l and a two-hour challenge of 7.77-11.04 mmol/l was considered to be diagnostic of IR.
12
The homeostasis model assessment for IR (HOMA IR) was calculated using the equation:fasting serum insulin (µU/ml) x fasting plasma glucose (mg/dl)/405. 13 A level < 27 µ/ml was considered to be insulin sensitive and > 27 µ/ml to constitute insulin resistance. Neck and texture was graded in acanthosis nigricans (Tables II and III) , as well as axilla (Table IV) . 
11

Statistical analysis
Proportions were compared using the chi-square test and the means compared using the t-test. Appropriate nonparametric tests were utilised in case the variables were not normally distributed. Acquired data was analysed using SPSS ® version 17. The different grades of acanthosis nigricans were compared using the chi-square test. A comparison of patients with higher and lower grades and textures of acanthosis nigricans, with and without IR, was carried out using the chi-square test for categorical variables and the unpaired t-test for continuous variables. Sensitivity and specificity were calculated and receiver operating characteristic (ROC) curve determined for acanthosis nigricans neck grading and texture. A p-value less than 0.05 was considered to be statistically significant. Logistic regression analysis was carried out to test the hypothesis that severe acanthosis nigricans grades are independently associated with IR.
Results
Characteristics of the population
Of the 300 included subjects, only 50 patients were males. The mean age group was 36.5 years. There was IR in 94 (31.33%), 88 (29.33%) had diabetes mellitus and 118 normal glycaemia. BMI ranged from 23.11-54.30 kg/m 2 . A normal BMI was reported in only 42 subjects. The waist to hip ratio varied from 0:84 to 1:56. The HOMA IR cut-off value in the insulin-resistant population was 2.68 using sensitivity analysis. The cutoff also discriminates well between patients with highand low-grade AN. The ROC curve nears the upper-left corner of the grid when there is higher sensitivity. From Figure 1 , we derived that there was higher sensitivity with regard to the grades, and higher specificity for the acanthosis nigricans textures, when diagnosing IR. 
Grades and textures of acanthosis nigricans on the neck
Higher grades and textures of acanthosis nigricans were recorded in patients with IR (Tables V and VI) . Of those with IR, higher grades were reported in 72%, and lower grades in 23% (p-value 0.003). Higher-grade texture was present in 30% of IR patients. Lower-grade texture was reported in 86% of non-insulin-resistant patients (p-value 0.004). This significance remained, even after adjusting for confounding factors, such as BMI, abdominal obesity and age.
As per Table VII , we observed that there was no association between acanthosis nigricans grading and age, sex, BMI (p-value 0.787), waist to hip ratio (p-value 0.369), hypertension (p-value 0.704), dyslipidemia (p-value 0.575) and FBS levels.
As shown in Table VIII , when correlated with acanthosis nigricans grades, HOMA values revealed that there was a sensitivity of 81.58% and a specificity of 50% for the grading in identifying the high-risk population for IR. Table IX shows that there was a low sensitivity of 34.21% and high specificity of 100% for the textures in identifying IR.
Grades and texture of acanthosis nigricans axilla
Two hundred and eighty-eight subjects had acanthosis nigricans axilla grades I-IV, and 31.25% of those had IR. Fifty-two (17.3%) had grade I acanthosis nigricans of axilla, 144 (48%) had grade II, 54 (18%) had grade III and 38 (12.7%) had grade IV (p-value 0.00). 
Other sites of acanthosis nigricans
Acanthosis nigricans on the knuckles (p-value 0.033) and IR had a significant relationship, unlike IR and acanthosis nigricans on the knee and elbow, which was insignificant.
Analysis of the diagnostic tests performed on the cases and the controls revealed that OGTT at two hours, fasting serum insulin and HOMA were good indicators of IR as opposed to the FBS value [95% confidence interval (CI): 0.99-1.06].
The mean BMI was 32.36 kg/m 2 in the age-and sexmatched obese control group with 30 subjects (BMI 30.12-36.43 kg/m 2 ). There was no significant occurrence of IR between acanthosis nigricans patients and controls. However, following a comparison of the obese groups with and without acanthosis nigricans using fasting serum insulin as the diagnostic test, it was demonstrated that patients with acanthosis nigricans were significantly more insulin resistant than the controls without acanthosis nigricans [95% CI: 0.93-0.99]. When using HOMA as a diagnostic test, the same conclusion was drawn [95% CI: 0.76-0.97]. It was found that BMI was significantly higher in patients with acanthosis nigricans. A strong correlation was present between the risk of IR and a history of obesity (p-value 0.006) in parents, grandparents, siblings, and in maternal and paternal aunts and uncles.
The ultrasonogram findings were insignificant (p-value 0.451). The food habits of the subjects had no bearing on their risk of acquiring IR (p-value 0.481). There was no consistent occurrence of thyroid dysfunction in the insulin-resistant population.
Other dermatoses
Acne grade (p-value 0.379), hirsutism (p-value 0.118), skin tags (p-value 0.415), male pattern baldness (p-value 0.131), striae (p-value 0.328), systemic disorders (p-value 0.242) and menstrual cycles (p-value 0.307) were insignificantly associated with IR.
There were significant problems in patients with IR like dermatoses, such as eczema and intertrigo (p-value 0.038). Other dermatological problems, such as alopecia areata, dermatophyte infections, lichen planus, psoriasis, polymorphous light eruptions, pityriasis versicolor, traumatic fissures, vitiligo and warts were not significantly associated.
Discussion
Higher grades of acanthosis nigricans on the neck and axilla are sensitive markers for IR. In our study, we also found axillary acanthosis nigricans severity to be a useful indicator. The drawback to this is accessibility to visual screening in populations who dress conservatively. Our study validates Burke's 14 quantitative scale in the south Indian population.
The HOMA cut-off value in our study was 2.6859. In their study, Ramachandran et al demonstrated a HOMA value of 3.3 in children aged 14 years and younger, and a HOMA value of 3 in children aged 14 years and older. 15 They substantiate our finding of lower HOMA values in an older age group. HOMA IR and fasting serum insulin are excellent diagnostic tools for IR. This study shows that the higher grades and textures of acanthosis nigricans on the neck correlated well with the two diagnostic tests.
An earlier study showed that the presence of acanthosis nigricans had lower sensitivity than BMI in identifying patients with IR, 16 but it did not consider the acanthosis nigricans grades. This contradicts our finding that BMI did not relate to the presence of IR.
Fasting serum insulin and the two-hour OGTT are both good diagnostic tests for IR, but the OGTT is a costeffective alternative in population-based screenings. FBS levels negatively correlated with serum insulin levels in our study. This is similar to the finding of another study conducted in 2011. 17 Usually, patients' first consultation for acanthosis nigricans is with a dermatologist. High acanthosis nigricans neck grades (III and IV) and textures (II and III), as well as grade IV of axilla, correlate strongly with IR and can to help identify populations at risk in mass screening programmes.
This study had several strengths. We included a large number of participants and recorded their complete data. This is the first study of its kind to have correlated the grades and textures of acanthosis nigricans with the risk of IR, and to have compared the reliability of acanthosis nigricans grading against that of other gold standards. However, the predominantly urban population and younger subjects were limitations of the study. This may not be representative of the Indian population.
Conclusion
Acanthosis nigricans, a clinical marker for IR when graded, can serve as a diagnostic tool in identifying populations at risk of developing diabetes. It is the test of choice for subjects and clinicians because of its cost-effectiveness, non-invasive nature and minimum interobserver variation. We conclude that acanthosis nigricans grading and texture analysis can help to select individuals for a further pre-diabetic workup, and has a sensitivity and specificity that parallels diagnostic tests, such as OGTT and fasting serum insulin, and even gold standards, such as HOMA IR. Acanthosis nigricans lesions are asymptomatic and are usually ignored by patients until they become of concern cosmetically. Thus, the dermatologist carries considerable responsibility in identifying populations at risk of type 2 diabetes mellitus and hence cardiovascular risk.
